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ABSTRACT DPC 963 is a non-nuclecside
reverse transcriptase inhibitor with low agueous
solubility. The effect of DPC 963 drug substance
particle size on the characteristics of granules
manufactured by high-shear wet granulation was
evaluated. The wet granulation process was used to
manufacture a DPC 963 formulation with high drug
loading. The formulation was manufactured using
drug substance lots with different particle size
distributions. Granulation particle size distribution,
porosity, and compressibility were determined. A
uniaxial compression test was also performed on
moist compacts of the formulation prepared with
different particle size distributions. Particle
agglomeration behavior was affected by drug
substance particle size. Granulation geometric mean
diameter and fraction with particle size greater than
250 pum was inversely proportional to the drug
substance particle size.  Mercury intrusion
porosimetry revealed higher pore volumes for the
granules manufactured using the drug substance
with the smaller particle size, suggesting lower
tendency for granule densification than for that
manufactured with the larger drug substance
particle size. Granulation compressibility was also
sensitive to changes in drug substance particle size.
A decreased drug substance particle size led to
increased granulation compressibility. Results from
the uniaxial compression experiments suggested
that the effect of particle size on granulation growth
is the result of increased densification propensity,
which in turn results from increased drug substance
particle size.
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INTRODUCTION

DPC 963 is a non-nucleosde reverse transcriptase
inhibitor (NNRTI) [1]. This class of inhibitors targets
the reverse transcriptase of  the  human
immunodeficiency virus (HIV), which is criticd to the
vird replication cycle. Allosteric binding of NNRTIs
inhibits the activity of reverse transcriptase. This
intervention in the retrovird replication process
provides an effective treatment for AIDS and other
HIV-related diseases. DPC 963 has a low agueous
solubility of approximatdy 20 pg/mL and a rdativey
high projected dose (>100 mg).

Drug substance particle sze can affect processing
behavior of a formulation such as granule growth
during wet granulation and the resulting granule
characterigtics. Despite the large number of reports on
high-shear wet granulation, few reports address the
effect of drug substance particle Sze on granule growth
in high-shear granulation and on granule characterigtics
(e.g., compressibility and porosty). Granule growth in
a high-shear mixer proceeds initidlly by a nuclestion
mechanism, whereby liquid bridge bondings are
established between particles, which results in nucle
formation. As granulation continues, liquid saturation
of the formed nucle incresses as a result of the
continued addition of binder solution. After nucle
reech a certain limiting liquid saturation, granule
growth by codescence starts to occur [2]. Codescence
results in ragpid granule growth and, as a reault,
sgnificant increase in granule growth rate. The stress-
grain relationship of moist granules is thought to play
an important role in granule growth by codescence [3].
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Area of contact between colliding granules increases as
the ability of granulesto deform under applied collison
force increases, thus resulting in higher probability of
successful coaescence. As a result, growth by
coalescence is enhanced by lower tendle strength and
by granules higher ability to deform upon gpplication
of stress. Properties of the starting materid, such as
particle size, can affect strength and deformability of
moist granules and hence their behavior in the high-
shear granulator. Kristensen et a have used a uniaxia
compression test to study stress-dtrain behavior of
moist compacts [4, 5]; they defined a critical strain at
which gress reaches a maximum vaue, which they
referred to as critica stress. A brittle sample is crushed
a the maximum stress, whereas a plastic sample
maintains the critical sress at continuing srain.
Ouchiyama and Tanaka showed that granule growth by
coalescence is expected to increase as the critical stress
decreases or the critical strain increases [6]. Granule
growth in the high-shear mixer showed good
corration with the critica stress values obtained in the
uniaxial compression test. Coaescence was enhanced
by the decreased criticd stress, which was lowered by
the increase in compact porosity. For a given compact
porogity, criticd stress decreased with the darting
materid’s increased particle size and liquid saturation
of the compact [4, 5]. Thus, starting materid with small
particle size would result in smdler granule sze a
smilar liquid saturation and porosty. On the other
hand, materid with larger particle Sze was more easily
dengfied in the high-shear mixer [5]. As porosity
decreases, granules gain strength while liquid saturation
increases at congtant water content. The increased
srength is expected to decrease granule growth rate,
while increased liquid saturation will be in favor of
enhanced coalescence. The effect of particle size on
granule growth is, therefore, a function of severd
interacting factors, the balance of which largdy
depends on the nature of the materid and the
experimenta  conditions. Differences in  granule
gructure and porosty, resulting from changes in
dating materid particle size, can aso affect other
characterigtics (e.g., compressibility) of the granulation.
The purpose of this work was to evauate the effect of
drug substance particle size on the granule growth,
porosty, and compressibility for a DPC 963

formulation manufectured by a high-sher wet
granulation process. In addition, auniaxial compression
test for moist compacts was performed in an atempt to
explan the effect of particle size on the above
granulation characterigtics.

EXPERIMENTAL

Materials

DPC 963 was supplied by the Chemicd ProcessR & D
of DuPont Pharmaceuticas Company and was used as
recaeived unless otherwise stated. Drug substance lots
SQ963-010 and SQ963-011 were used. SQ964, the
inactive enantiomer of DPC 963, was used for some
experiments as a mode compound (lot SQ964-001).
SQ964 has identica physca chemicd properties as
DPC 963. Excipients used included microcrystdline
cdlulose (FMC Corporation, Philadephia, PA), lactose
monohydrate (Foremost, Rothschild, WI), sodium
lauryl sulfate (Ruger Chemicd, Irvington, NJ),
magnesium stearate (Madlinckrodt, St Louis, MO), and
croscarmellose sodium (FMC Corporation).
Equipment

The equipment train used to manufacture DPC 963
batches includes the Key KG-1 high shear granulator
(Key Internationa, Englishtown, NJ), VWR mode
1450 vacuum oven (VWR Scientific, West Cheder,
PA), Turbula mixer (Willy A. Bachofen AG, Basd,
Switzerland), and Carver press (Fred S. Carver Inc,,
Menomonee Fdls, WI).

Manufacturing of drug product by the
wet granulation process

Granulation was carried out in a Key KG-1 granulator
(1 L bowl) at abatch size of 120 g. Drug loading in the
formulation was 50% wt/wt. Avicd PH102 was
blended with DPC 963 and a portion of croscarmellose
sodium in the granulator, with an impeller speed of 650
rpm and a chopper speed of 3000 rpm, for 2 minutes.
The granulating solution was prepared by dissolving
the sodium lauryl sulfate (SLS) in waer. The
granulating solution was then added to the blend in the
granulator (impeller speed maintained at 650 rpm and
chopper speed at 3000 rpm) at arate of 10 g/min using
a perigatic pump. The amount of water in the added
granulating solution represented 21.2% of the tota
amount of solids in the formulation. Additiona water



was added to the granulator in 20-g portions with 1
minute of mixing (wet massng) between additions.
The totd quantity of added water was identicd for dl
batches. The granulation was screened through 10-
mesh screen and dried in a vacuum oven a 40°C to a
moisture content of 1.0% to 2.0%. The dried
granulation was screened through a 25-mesh screen
and then blended with lactose monohydrate and the
remaning quantity of croscarmelose sodium for 15
minutes using a Turbula mixer. Magnesum dearate
was added to the granulation and blended for 3
minutes. Findly, the granulation was compressed to
200 mg tablets (100 mg strength) using the Carver
press to a target hardness of 63 N usng 10/32 inch
gtandard concave round tooling.

Drug Substance Particle Size Distribution

Drug substance particle dgize didribution was
determined usng the Aerosizer Mach 2 (Amherst
Process Instruments, Cambridge, MA) equipped with
an AeoDisperser, sensor, vacuum, and data
acquisition/andysis ability, which dl were controlled
by a microprocessor. The sample was suspended as dry
powder using a sample holder with a medium cup and
a medium opening. Run time was 200 to 400 seconds
using 1100 V.

Physical Testing of Granulation and
Tablets

a. Particle size distribution of granulation

Paticle sze didribution of the find Iubricated
granulation was determined by mesh andysis using an
Allen Bradley Sonic Sifter (Allen Bradley, Milwaukee,
WI) equipped with a series of 6 screens and a pan. An
aoproximately 10 g sample was tested with a pulse
setting of 5, sift setting of 5, and atotd sfting time of 5
minutes.

b. Bulk and tapped density of granulation

Bulk density of the lubricated granulation was
evaluaed by determining the weight of 10 mL of
granulation in a graduated cylinder. The tapped density
was determined using a Vankel tep dendty tester,
Modd 50-1200 (VanKd, Edison, NJ), which provides
afixed drop of one-half inch at 300 tapg/min. A volume
measurement was taken when the height of granulation

in the 10-mL measuring cylinder has reached a
constant vaue (approximately 200 to 300 taps).

c. Moisture determination of granulation
Loss on drying from gpproximately 5 g of in-process
samples taken during drying was measured at 105°C

usng a Computrac MAX 50 (Arizona Instruments,
Phoenix, AZ).

d. Granulation compressibility

Compression profiles were obtained by compressng
the granulations on the Carver press using different
compression forces. The hardness of the resulting
tablets was determined using a Vanderkamp VK200
Tester, Modd 40-2000 (VanKd, Edison, NJ).

e. Porosity of granulation and tablets

Pore volume distribution was determined by mercury
intrusion porosimetry for the tablets and the granulation
fraction retained on a 100-mesh screen. Incrementd
pore volume was determined at different pressures
ranging from 0.5 to 60,000 ps, which corresponds to
pore diameters between 360 pum and 0.003 pum.

Uniaxial compression test

Stress-drain relaionships were obtained for moist
compacts of the formulation. Formulation components
were dry blended in the high-shear granulator. A
sample of the resulting powder mixture was removed
and wetted to target moisture by spraying it with SLS
solution and mixing it very gently to achieve uniform
water digribution in the sample. A cylindrica mass
was formed using die and flat-faced punches 1.27 cm
in diameter on an Instron modd 5567 (Instron
Corporation, Canton, MA) equipped with a 30 kN load
cdl. The Instron cross head was programmed to travel
downward at a speed of a 2.5 mm/min until the target
compact height was achieved. The mass of the moist
sample and the height of the compact were chosen so
that compacts with specified porosity (on the dry basis)
were obtained. The compact was removed from the die,
and dress-drain relationship for the formed compact
was then determined by loading the compact between
the flat-faced plates of the Instron and then driving the
upper plae downward & a congant rate of 25
mm/min. The applied force and displacement were
obtained and converted to the corresponding stress and
grain vaues, respectively.



RESULTS AND DISCUSSION

Effect of drug substance particle size on
granulation compressibility and size
distribution

Particle sze digtribution of the various drug substance
lots used for tablet manufacture is shown in Table 1.
SQ964, the inactive enantiomer, has identica physica
chemicd properties as DPC 963. The 2 enantiomers
showed identical X-ray powder diffraction pattern,
differentid  scanning calorimetry  thermogram,
solubility, solution pH, water content, and moisture
uptake. Granulaion compressibility was dependent on
the drug substance particle dze. Granulation
compressibility increased with the decrease in drug
substance particlesze (Figure 1).

Table 1. Effect of drug substance particle size on
granule growth in the high-shear granulator

SQ9%63-
SQ%B3 | 010 | SQB3-
010 (e O
milled)
o9 | 10929 | 10%- 105 | 13033100654
sartidesize 50%°-5.1 | 50%- 218 |7, ""|50%-12.8
90%° - 83 | 90%-31.2 90% -21.9
(um) 155
Drug
substance |4 34 046 ND | 125
surfacearea
(mM2/g)
Drug
ubstance
bulk denity| 012 042 029 | 03
(gmL)
Normalized | 55 6.1 191 | 96
granulesize?

a10% of the particles smaller than this number.

b50% of the particles smaller than this number.

90% of the particles smaller than this number.

dNormalized granule size is obtained by dividing the geometric mean
diameter of the granulation by the median particle size (D50) of the
corresponding drug substance lot.

The effect of drug substance paticle size on the
resulting granules particle size didtribution was dso
evauated. Granule growth in the high-shear mixer
increased as the particle sze of the drug substance
decreased. Granulation manufactured  with  drug
substance lot SQ964-001 showed larger fraction
retaned on the 40-60 mesh screens (>250 pm)
compared to the granulation manufactured using
SQ963-010 with larger particlesize (Table 2).
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Figure 1. Compression profiles of DPC 963 granulation
manufactured using different drug substance lots.
SQ964-001, —1; SQ963-010 (milled), &; SQ964-010, M.

Table 2. Mesh analysis results for DPC 963
granulation

Per cent
Retained

Mesh | oo 1600064{ SQU63-

size | P9 001 | 010
(um)

40 > 425 154 9.5
60 250 29.2 14.7
80 180 10.1 115
100 150 8.2 6.8
200 75 20.8 304
325 45 9.3 174

> 325 <45 6.9 9.6




Geometric mean diameter was 188.4 um and 132.4
um for the 2 batches, respectively. Normalized
granule size, obtained by dividing the geometric
mean diameter of the granulation by the median
particle size (D50) of the corresponding drug
substance lot, was used as a measure of particle
growth in the granulator. Normalized granule size
appeared to be inversely proportiona to the drug
substance particle size (Table 1).

Granulation porosity

Granulation porosity increased as the drug
substance particle size decreased. Granulation
manufactured using SQ964-001 showed higher
intragranular pore volume by mercury intrusion
porosimetry than for the granulation manufactured
using drug substance with larger particle size
(SQ963-010). Pore volume for poresin the 1-10 pm
diameter range was higher for the SQ964 batch
(Figure?2).

Higher pore volume for the granulation manufactured
using the drug substance lot with smal paticle size
may be the reason for its higher compressibility. The
high granulation porosity resulted in an increased
fragmentation propendty and volume reduction
behavior of the granulation that led to increased
compressibility. In agreement with this hypothesis is
the fact that tablets compressed using the more porous
granulation showed reduced pore volumeinthe 1 to 2
MM pore diameter range compared to tablets
compressed using the less porous granulation under the
same compression force (Figure 3).

This illustrates the higher tendency of the more porous
granulation to densfy upon application of the
compression force resulting in closer packing of the
paticles. This is consdstent with the finding by
Wikberg and Alderborn that demonstrated wider and
bimodd pore dSze didribution for the tablets
compressed from granulation with low porosity
compared to the narrower and smdler pore sze
digribution for tablets compressed from the more
porous granulation [7].
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Figure 2. Porosity of DPC 963 granulation fraction
retained on 100-mesh screen manufactured using drug
substance lots with different particle sizes. SQ964-001,
; SQ963-010, A.
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Figure 3. Porosity of DPC 963 tablets compressed using
similar compression force and manufactured using drug
substance lots with different particle sizes. SQ964-001, !
; SQ963-010, M.



Uniaxial compression test

Stressdran  profiles were obtaned for compects

Table 3. Stress-train parameters? for DPC 963 moist
compacts

SQ964-001 SQ963-010

containing 23% + 1% water in an atempt to understand

the mechanism of patide size effect on the above- __| 28%porosity | 38% porosity | 28% porosity | 38% porosity
mentioned granulation  attributes.  Compacts were %ﬁm (N')O” 9480.3+5250| 6818+ 104 [8296.7+296.1| 427.5+120
prepared for mixtures manufactured using drug Critical

substance lot SQ064-001 (smdl partide size) and ress (kP | 2562417 | 37124266 | 60502417 | 3740+121
S963-010 _(Iarge pqtide sze). For each mixtu_r N ;::;uﬁa 0.326+0.014 | 0282+ 0,011 | 0400+ 0.002| 0.328+0.009
compacts with approxi mately 28% and 38% porosity (mm/mm)

were prepared, which corresponded to pore volumes of Avdue+ SD, n=3.

0.25 cmB/g and 0.40 cm3/g, respectively. The higher PCompression force needed to form a.compact with the specified porosity

pore volume is equivdent to the intragranular pore
volume of granulation manufactured by high shear using
sndl drug substance paticle sze, as determined by
mercury intruson porosmetry (the intragranular pore
volume was arbitrarily taken asthetotd pore volume for
pores smdler than 10 pm in diameter). Theintragranular
pore volume for granulation manufactured using a large
drug subgtance partide sze was 0.18 cm3/g. This low
porogty was not achievable in this test because of
precticd limitations. Stress-drain profiles for Al
compacts showed a deady increase in dran as a
function of the goplied dress until the critical dress is
reached. At the critical dress, the sample appeared to
exhibit plagic flow, a which point congtant dress is
more or less maintained at continuing srain (Figure 4).
Criticd dress and drain vaues and compression forces
used to form the compacts are shown in Table 3.
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Figure 4. Stress-strain relationship (three replicate
samples) for DPC 963 moist compact with 38% porosity
prepared using lot SQ964-001.

Compacts prepared usng smdl drug substance particle

gze demondrated the higher compresson forces
required to achieve similar porosity compared to the
larger drug substance particle size. This explans the
higher porosity for the granulation manufactured using
lot SQ964-001 in the high-shear mixer. Under smilar
forces in the high-shear granulator, formulation
manufactured with small drug substance particle size
was more resstant to dendfication, resulting in more
porous granulation. Compacts prepared a the high
porogty leve (37%) usng the 2 paticlesze
distributions showed comparable critical stress vaues.
Because the 2 patice szes resulted in different
granulation porogties, comparison of dress-dran
behavior of compacts with different porosities (higher
porosity for the smdl particle size and lower porosity
for the large particle size) should be more predictive of
coalescence during granulation. The decreased porosity
for the granules manufactured with large particle sze
results in higher liquid saturation than for the more
porous granules prepared from the small particle Sze at
constant water content. The decreased porogty is
expected to increase the critical stress, whereas the
increased liquid saturation is expected to lower the
criticd dress. The effect of decreased porosty
appeared to be more pronounced and the more porous
compact for SQ964-001 showed lower criticd stress
than the less porous compact did for SQ963-010
compact. Because a lower criticd gtress favors granule
coalescence [4, 5], SQ964-001 showed faster granule
growth in the high-shear granulator and hence a larger
mean diameter and a higher fraction retained on the 40-
to 60-mesh screens (>250 pm).



It is noteworthy that the observed effect of particle size
on granule growth for DPC 963 is opposte to that
reported for dicacium phosphate [5]. As with DPC
963, the samdler particle size of dicacium phosphate
showed more resistance to densfication compared to
the larger particle sze. Unlike DPC 963, the dicacium
phosphate materid with large paticle sze showed
remarkably lower critical stress a a congtant porosity
and liquid saturation. The effect of particle sze on
granulation growth in the case of dicacium phosphate
could be explained if the lower criticd stress for the
materid with larger paticle sze was maintained
despite its decreased porosity during granulation
compared to the materiad with smaller particlesize.

CONCLUSIONS

DPC 963 granule growth in the high-shear granulator
and the resulting granule compressibility and porosity
were sendtive to rdativedy smdl changes in drug
substance particle sze. Decreasing the drug substance
paticle sze resulted in more pronounced granule
growth and enhanced the porosity and compressibility
of the granulation. For compounds such as DPC 963,
drug substance particle sze needs to be carefully
controlled to ensure acceptable and reproducible
granulation characterigtics.
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